Abstract
Introduction
Flow diverters are increasingly used in the management of large and giant intracranial aneurysms. The pipeline embolization device (PED; Medtronic, MN, USA) remains the only flow diverter, which is FDA approved and widely available in the USA. The PED is a braided device and can foreshorten or stretch in vivo, creating challenges in deployment. Occasionally, unfavorable foreshortening of the device with proximal migration of the device can result in herniation of the proximal or distal end of the device into the aneurysm sac [1, 2] . Herein, we describe 2 different techniques, which were used to reposition PED devices following herniation of their distal ends into the aneurysm sac.
Case Reports

Case 1
A 67-year-old female patient with a wide-necked 1.8 × 1.4 cm aneurysm ( Fig. 1 a, b) arising from the cavernous segment of her left internal carotid artery (ICA) presented with acute onset of painful diplopia. Given the size and location of the aneurysm as well as the wide neck, it was decided to treat this aneurysm by placement of a flow diverter. Under general anesthesia, a Marksman catheter (Medtronic, MN, USA) was advanced into the left ICA through a coaxial system consisting of a 6 F Flexor shuttle guide catheter (Cook Medical, Bloomington, IN, USA) and a 6 French Sofia (Microvention, Tustin, CA, USA) intermediate catheter. Subsequently, a 4.0 × 25 mm PED (Pipeline Flex) was advanced through the microcatheter and carefully deployed across the neck of the aneurysm in the usual push and pull fashion, which has been described elsewhere ( Fig. 1 c) . When the microcatheter was then advanced over the delivery wire of the PED in order to recapture the flaps at the end of the delivery wire, the PED unexpectedly foreshortened, and its distal end herniated into the aneurysm. The PED was now positioned such that it was looped within the aneurysm and the distal end faced the proximal ICA ( Fig. 1 d) . The Marksman microcatheter was then advanced through the lumen of the herniated PED, looped inside the aneurysm, and eventually advanced into the distal ICA and proximal middle cerebral artery (MCA). A new 4.5 × 20 mm PED was then pushed out of the microcatheter into the proximal MCA so that the distal end of the device could firmly lean against the inner wall of the MCA. Gentle traction was then applied on the Marksman catheter, taking care not to push out more of the device. This resulted in a reduction of the intraaneurysmal loop of the Marksman microcatheter, and the distal end of the previously deployed PED was repositioned into a more favorable position ( Fig. 1 e) . Subsequently, the second PED was gently pulled back from the MCA and deployed within the previous PED in a telescoping fashion ( Fig. 1 f) . The delivery wire of the second PED was then retrieved in a safe manner. Post-PED placement digital subtraction angiography showed stasis of contrast within the aneurysm. At 6 months of follow-up, the patient's visual symptoms had entirely resolved, and the ICA was widely patent with no residual aneurysm filling ( Fig. 1 g) .
Case 2
A 67-year-old female presented with complete painless loss of vision in her right eye. She also had chronic vision loss in her left eye. Subsequently, she was found to have a giant, partially thrombosed superior hypophyseal aneurysm arising from her left ICA. The nonthrombosed part of her aneurysm measured 1.8 × 1. 5 cm and had a 6-mm neck ( Fig. 2 a) . Given the patient's significant medical comorbidities, which excluded surgical management, it was decided to treat the aneurysm with placement of PED, as well as to place a few coils within the aneurysm sac to reduce the chances of post-PED placement aneurysm rupture. A Marksman microcatheter was advanced across the neck of the aneurysm (using the same guide catheter and intermediate catheter system as mentioned with the previous patient), and a Headway 17 catheter was placed within the aneurysm. A 4.5 × 25 mm Pipeline Flex device was then successfully deployed across the neck of the aneurysm ( Fig. 2 b) , and 2 coil loops were deployed in the aneurysm; the Headway catheter was then removed. Given the large size of the aneurysm and the ongoing mass effect and vision loss, a second 4.5 × 25 mm PED was then placed within the first. However, after placement of the second PED, both PEDs foreshortened such that the distal end of the construct herniated into the aneurysm ( Fig. 2 c) . Multiple attempts were then made to advance a Marksman microcatheter through the lumen of the previously placed PEDs to regain access to the ICA distal to the aneurysm as described above with the previous patient. However, the presence of coil loops within the aneurysm sac prevented looping of the microcatheter and further distal advancement. We then advanced a Scepter XC 4 × 11 mm balloon microcatheter through the lumen of the previously placed PED devices, and after looping within the aneurysm sac (around the coil mass), we were able to access the distal ICA. The Scepter XC was then advanced into the M1 segment of the MCA, where it was inflated and gentle traction was applied to straighten the loop within the aneurysm sac and reposition the distal end of the PED construct in a more favorable configuration ( Fig. 2 d) . Subsequently a 2.5 × 35 mm LVIS Jr stent was advanced through the Scepter XC balloon microcatheter and deployed such that proximally, it telescoped within the PED construct and distally, it was within the M1 segment of the MCA. This deployment ensured that the PED construct no longer herniated into the aneurysm sac ( Fig. 2 e) . A few more detachable coils were then placed within the aneurysm sac (through a Headway 17 microcatheter, which had been readvanced into the aneurysm sac after navigation of the Scepter XC balloon microcatheter and prior to deployment of the LVIS Jr stent) to significantly reduce the flow within the aneurysm. At 2 months of follow-up, there was a significant improvement in the patient's vision in the right eye. 
Discussion
Herein, we have described our experience with salvage and repositioning of PED constructs following unfavorable foreshortening and intra-aneurysmal herniation of the distal end of the constructs. In 1 patient, we used a balloon anchor technique, and in the other, a PED anchor technique. The balloon anchor technique has been previously described for navigation across wide-necked giant aneurysms [3] [4] [5] . The stent anchor technique has been used for reduction of intra-aneurysmal loops during PED deployment prior to device placement [6] . However, as we have shown, these techniques can also be used to salvage and reposition unfavorable intra-aneurysmal herniation of PED constructs. A similar technique wherein a balloon microcatheter was used in addition to a device delivery catheter has been described previously [7] . In that report, the authors used a single lumen balloon to reorient the PED and then advanced a second PED delivery microcatheter alongside into the distal vessel. However, in our second patient, we chose to use a dual lumen balloon and deploy a stent directly within the pipeline construct. Familiarity with the techniques described here as well as those described by earlier authors can help practitioners overcome challenges posed by unexpected intra-aneurysmal herniation of PED constructs. Additionally, it must be emphasized that, when possible, landing the PED devices quite distal to the aneurysm neck to begin with can also minimize the incidence of foreshortening and intra-aneurysmal herniation.
Conclusion
It is possible to salvage unanticipated intra-aneurysmal herniation of the distal ends of flow diverters by resorting to a balloon anchor or stent anchor technique.
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